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HaoGpeTeHHe othochtc* k xhmhh <J>oc- 
,$opopraHHwecKHX coenHHeHHfl, a HMeHHO 
k cnocoGy no/iyMeHHH UHK/iHMecKHx apHJi- 
xjiop<t>oc<J>HTOB oGmeft (t»opMynu 
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r«e R - MeTH/i h/ih TpeT • Oy th/i ; 15 

R 4 - TpeT.6yTHJI r d -MeTH/IUHKJlO- 
reKCHJl HJIH d -MeTHJl6eH3HJl; 

X - MeTHJieH hjih cepa, 

KOTOpue MOryT OfalTb HC nOJI b 3 OB 3LHH flJIH 

CHHieaa uHK/iH^ecKHX 3<J>hpob 4>oc<t>opH- 20 
cToft khcjiotm, a Taicxe b Ka^ecTBe 3<fr- 

$BKTHB Hb£X CTaG HJIH3aTOpOB nOJIHMepHHX 

MaTepHa/ioB . 

H3BecT6H cnocoG nosiyweHH* uhkjih- 
wecKHx apHJixjiop4»oc<t»HTOB BaaHMOjaefl- 25 
CTBH6M cooTBeTCTBywmero dwcOeHOJia c 
MeTa/uiH^iecKHM HaTpH ©m b cpene TO/iyo- 
Jia c nocJieayiouiHM B3aflMOjaeflCTBHeM 
no/ryvceHHoro 6HC$eHO/iflTa HaTpHH c rpex- 

XJIOPHCTUM $OC<t>OpOM [1] . 30 



UHKJIM^ECKHX APHJlXJK)P<t>OOt>HTOB 
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HeflOCTaTKOM aaHHoro cnocoOa hbjih- 
eTc* MHorocTajiHftHocTb h bojibiuafl npo- 
aojiacHTe/ibHOCTb npouecca (--60 m) . 

HaH6o/iee Ojihskhm no TexHH^ecKOtt 
cymHOCTH h jiocTHraeMOMy pe3y/ibTaTy k 
npeAJiaraeMOMy hbjihstc h cnocoO no/iy- 

qeHHR UHK/IHMeCKHX apHJTX/IOp<J>OC<l>HTOB 
B3aHMOAeACTBHeM 6HC(t>eHOJia c TpexxJio- 

PHCTbiM <toc4)opoM b cpejae opraHH^ecKo- 
ro pacTBopHTejiH npH 80- 17 5° C [21 . 
K HejjocTaTKaM aaHHoro cnocoOa 

OTHOCHTCH GOJIbUiaH npOflOJlHCHTeJIbHOCTb 

npouecca (4-6 u) . 

Ue/ib HSoOpeTeHHH - coxpameHHe npo 
flOJiJKHTejibHOCTH npouecca. 

nocTaBJieHHan ue/ib flocTHraeTCH Tew 

MTO B CnOCOCe nOJiy^eHHH UHKJIHMeCKHX 

apHJixjtop4»ocOHTOB npHBe^eHHoft oOtaeft 
<t>opMy/u* B3aHMOfleKcTBHeM 6Hc*eHO/ia 
c TpexxjiopHCTHM 4>oc<t>opoM b cpeae op- 
raHHnecKoro pacTBopHTenH npn noaw- 
uieHHOft TeMnepaType, npouecc BejiyT b 
npHcy tctbhh co/ih <ieTBepTHMHoro aMMo- 

HHSBOrO OCHOBaHHH, B3flTOft B KO/IH^eCT 

Be 0,2-0,5% ot Beca CHctpeHOJia, npH 
100-125°C. 

Buxoa ue/ieBoro npojxyKTa 93-100%, 
npoflOJiKHTeJibHOCTb npouecca 1,5-2 h. 

B xaMecTBe cojieft MeTBepTH^Horo 
aMMOHHesoro ocHOBaHHfl Hcno^b3ywT tph 
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3THJl0eH3HJiaMMOHHRBMb^etaWp Q©»^a3- 
THJiaMMOHHft OpOMHCThC^fclH XAOpHCTblft , 
HAH ^OC*HTTpH3THJiaMMllRft XAOpHCTUfl . 

npoBejaeHHe npouecca a npHcyTCTBHH 
KaTasiHsa-ropa nosaoAneT coxpa?HTb 
npoao/ixHTejibHOCTb npouecca b 2-4 pa 3 a 

n p h m e p 1.2,2 , -MeTHJie H 6HC-(4- 

MeTH/I-6-TpeT-0yTH/l(t>eHHJl)XJIOp^OC<>HT. 

B peaKTop, CHaCxeHHufl oGpaTHUM 

XOAOAHAbHHXOM, COeAHHeHHUM C AOByBJ- 

xoa, oxjra»maeMoft cMecbw cyxoro AbAa 
c aueTOHOM, h CHcxeMofl norjiomeHHH 
khcjihx napoB, MeuiaAxoft, TepMOMeTpoM, 
bhocht 102,2 r (0,3 r-MOAb) 2,2-Me- 

THJieHGHC- ( 4-MeTHJl-6-TP€T . 6yTHA$eHO- 
/la) , 0,5 r TPH3THJl6eH3HJiaMMOHHH XJIO- 

PHCToro, npHJiHBajoT pacTBop 43,5 r 
(0,316 r-MOJib) CBexeneperHaHHoro 
TpexxnopHCToro <t>oc$opa b 100 ma ren- 
TaHa. 

PeaKUHOHHyn Maccy noAorpefiaioT npH 
nepeMeuiHBaHHH Ha MacAHHOft OaHe, npu 
AOCTHxeHHH 35°C HaOjuoaaioT ycHJiHB aw— 
meeca c noBUueHHeM TeMnepaTypti Buae- 
sieHKe HCl-rasa, BfawepxHsaioT 30 mmh 
npH 104-11 0°C h cJia^OM TOKe <JmerMu 
h oTK/uoMaioT noAorpea . Ha AOBywxH 
OTCHpawT 1,5-2 ma pacTBopHTenfl, 
a hs CHCTeKu norjiomeHHH ra30B H3BAe- 
Ka»T 77,5 r 27,5%-hoI* coaahoA khcaotu, 

KHc/iora He coAepamT $oc$opa. B 
peaKUHOHHyio Maccy bboait 100 mji ren- 
TaHa, oxjiaxmaioT k npn aoc THxe hhh 
30-36°C HaG/noAaioT KpHCTaAAHsauHio. f 

CycneH3Hio oxsiaxcnaioT ao -10°C, 

KPHCTa/T/TM OTOH/IbTpOBUBaiOT, npOMHBa- 

K>T 50 ma oxjiaxmeHHoro remaHa h cy- 
uiaT ao nocTORHHoro seca. nojiyMaiOT 
114 r xjiop$oc<t>HTa (93,8%), t. nn. 
160-162°C. 

HaaneHO, %: P 7,54; CI 8,75 
C 2 ^H 3c C10 a P 

BuMHCJieHO, % : P 7,66; CI 8,77. 

Hctomhhk OTnapHsaroT bo BpamaiotaeM- 
ch HcnapHTene ao 125° /10 mm, noAy- 
qawT 7 r KpHCTcLnjiOB c T.an. 150°C. 
CoAepxaHHe, 1: CI 8,55? P 7,8. 
nocjie nepexpHCTajuiHsauHH H3 renTa- 
Ha t. nn. *156°C. CyMMapHUft bmxoa 98%. 

n p h m e p 2. B peaKTop ycTaHOB- 
kh npHMepa 1 bhocht 0,405 r 2,2-Me- 
THJienGHC- ( 4 -MeTH/i-6-xpeT . 6y THA$e hha ) 
xjiop<t>oc$HTa , 0,101 r TpitaTMJiaMHHa, 
npHJiHsaioT 100 mji renTaHa, nepeMeaiH- 
Bajoi 1-3 mmh h k nony<<eHHOMy 2,2 V - 
-m€Thji€hGhc ( 4-MeTHJi-6- TpeT .6yTKJi$e- 

HKA)$OC$HTy TpH3THJiaMMOHHH XAOpHCTO- 

ro AOOaaJiHiOT 102,2 r (0,3 r-MOAb) 
2,2-MeTHJieH6HC- (4-MeTHA-6-TpeT.6y- 
THJi<J>e ho a a ) h 4 3,5 r (0,316 r-MOAb) 
TpHxnopKAa $oc<t>opa. flajiee nocxyna- 
»t xax ynasaHo b npHMepe 1 h BHne- 
ah»t 114,2 r (94%) xAop$oc$HTa, a 
c yMeTOM BMnejieHHH ero H3 MaTo^HH- 
xa oG&oift buxoa cocTaBJiReT 98%, 
t. an. 160-162°C. 

n p h m e p 3. 2, 2 % -thoOhc- (4- 
-MeTHn-6-TpeT • 6y THA<t>eHHA ) xaop$oc$ht , 



ijj^CMecH 107,6 r (0,3 r- 

MoChc (4-MeTHii-6-Tpe T , 

iaT, ~ * 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



CycneH3> 
Monb) 2,2* 

OyTHJKteHOJiaT, 0,3 r TeTpaaTHAaMMo- 
hhh OpoMHCToro, 4 3,5 r (0,316 r- 

MOAb) TpHXJIOpHAa *OC*Opa H 100 MJI 

renTaHa o6pa6aTHBaiOT xax yxaaaHo b 
npHMepe 1, suaca** 123 r (oOtOHft 
BtocoA 96%) Oejioro KpHCTajuiH^ecxoro 
nopouixa c t. tux. 168-170°C. 

HaaaeHO, %: p 7,32; S 7,53; 
CI 8,36 

C^H^CIO^PS 
BbiMKCJteHO, %: P 7,32; S 7,56; 
CI 8,37. 

n p h m e p 4 • B peaxTop c ocTaT- 
xaMH xnop^oc^HTa, nosiyneHHoro no 
npHMepy 3, AOCaB/if»0T 0,15 ma tphbth- 
AaMHHa h 100 ma renTana, nanee nocne- 
AoaaTeAbHO aarpyxavT ocTajibHbie xoMno- 
hshtu CHHTeaa b xoAHHecTaax , yxaaaH- 
Hbix b npHMepe 3, peaKUHOHHyio Maccy 
oCpa6aTUBajoT xax yxa3aHO b npHMepe 1 

H BbUteAHIOT XAOp^OC^HT C BUXOAOM 95- 

96%, T.nn. 168-170°C. 

n p h m e p 5. 2, 2-tho6hc- (4-TpeT. 
6yTHA-6-d-MeTHA6eH3Hn$eHKA) -xnop^oc- 

$HT. 

CycneH9H» 107,7 r (0,2 r-MOAb) 
2 , 2-thoOhc- < 4-TpeT . OyTHA-6-<i -M€THA- 

6eH3HA$eH0Jia) , 0,2 r 6eH3HATpH3THA- 

aMMOHHH xnopHCToro, 28,3 r (0,206 r- 

MOAb) TPHXAOpHAa <&OC<$Opa B 100 MA 

renTaHa HarpesaioT b ycAOBHiix npKMe- 
pa 1 ao 125 a C, BtnepxHsaiOT 15 mmh, 
AexaHTHpyioT b KOAOy poTopnOro Hcna- 
PHTeAH or ocaAKa xaraAHaaTopa, pacT- 
BopHTeAb OTnapHBaioT ao 150°C. noAy- 
<iax>T 120 r CAaOo-xeAToro npoapaMHo- 
ro cTeKAOoOpasHoro onaBa, xopcaio 
pacTHpaioiaerocH b CTynxe ao OecuBeT- 
Horo nopcuxa c t. nA. 65°C. Buxoa 
100%. 

» HaaueHO, %: P 5,12; S 5,25;C1 5,82 
C^H 40 C10 7 PS 
BbWHCAeHO, %: P 5,14; S 5,3; 
CI 5,85. 

n p h m e p 6. 2,2' -MeTHAeHOHC- 

( 4 — MeTHA— 6 - 4— MeTHAUHKAOreKCHA$e HHA ) 
XAOp4>OC(J>HT . 

K 84,13 r (0,2 r-MOAb) 2,2-mgth- 

AeHOHC- (4-MeTHA-6-dL-MeTHAUHXAOreX- 

CHA^eHOAa) b 130 ma H^-oxTaHa AOOaB- 

AAIOT 0,4 r TPH9THA6eH3HAaMMOHHH XAO- 

PHCToro h 30,25 r (0,22 r-MOAb) tphx- 
AopiiAa ^oc^opa. 

PeaKUHOHHyio Maccy Harpe8a»T a ycAO 
bhhx npHMepa 1 ao 125°C, BbmepxHBa- 
wt 30 mhh npH btoD TeMnepaType , ox- 
Aa^aeuoT ao 80-100°, bboaht 50 ma ok- 
TaHa h * oxnaxAaioT ao -150°C. nocAe 

OTnapKH paCTBOPHTeAfl H3 MaTO^HHKa ao 

150*0/5 mm nojiytaioT 14 r nnaBa, ks 

KOTOporO AOnOAHHTeAbHO BfaWeAHIOT 7 r 

xpHCTaAARvecxoro nopauxa c t. an.l40r 
h conepxa HHflM xAopa 7,32%. CyMMap- 

Hbd BblXOA 93%* 

HaaaeHO, %: P 6,40; CI 7,32 

C M H S8 Ci6 a P 
BfaNH c Jie ho , %: P 6,38; CI 7,32. 
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(54) METHOD OF PRODUCING CYCLIC ARYL CHLOROPHOSPHITES 

The invention relates to the chemistry of organophosphorus compounds, and 
specifically to a method of producing cyclic aryl chlorophosphites having the general 
formula 



Cl 
i 




where R is a methyl or tert butyl; Ri is a tert butyl, o-methylcyclohexyl, or a- 
methylbenzyl; and X is methylene or sulfur, which compounds can be used to syn- 
thesize cyclic phosphites, and as effective stabilizers of polymeric materials. 

A method is known for producing cyclic aryl chlorophosphites by reacting an 
appropriate bisphenol with metallic sodium in a toluene medium, followed by reac- 
tion of the product sodium bisphenolate with phosphorus trichloride [1]. 

A shortcoming of the prior-art method is the multistep nature and long dura- 
tion of the process (~60 hr). 

A method of producing cyclic aryl chlorophosphites by reacting bisphenol 
with phosphorus trichloride in a medium of organic solvent at 80-175° C [2] is the 
method closest in technical essence and attainable result to the proposed method. 

The shortcomings of that method include the long duration of the process 
(4-6 hr). 

The object of the invention is to shorten the duration of the process. 

This object is attained by virtue of the fact that in the method of producing 
cyclic aryl chlorophosphites of the indicated general formula by reacting bisphenol 
with phosphorus trichloride in a medium of organic solvent at elevated temperature, 
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the process is carried out in the presence of a salt of a quaternary ammonium base, 
used in a quantity of 0.2-0.5% of the weight of bisphenol, at 100-125° C. 

The yield of the end product is 93-100%, and the duration of the process is 
1.5-2 hr. 

Triethylbenzyl ammonium chloride, tetraethylammonium bromide or chlor- 
ide, or phosphite triethylammonium chloride are used as salts of a quaternary 
ammonium base. 

Carrying out the process in the presence of a catalyst makes it possible to 
shorten its duration by a factor of 2-A. 

Example 1. 2,2 / -methylenebis-(4-methyl-6-tert-butylphenyl)chlorophosphite. 

To a reactor equipped with a reflux condenser connected to a trap which is 
cooled by a mixture of dry ice and acetone and with an acid-vapor absorption sys- 
tem, a mixer, and a thermometer are added 102.2 g (0.3 mol) of 2,2-methylenebis- 
(4-methyl-6-tert-butylphenol) and 0.5 g of triethylbenzyl ammonium chloride; then 
a solution of 43.5 g (0.316 mol) of freshly distilled phosphorus trichloride in 100 ml 
of heptane is poured in. 

The reaction mass is heated as it is agitated on an oil bath; when a tempera- 
ture of 35° C is reached, liberation of gaseous HC1, which intensifies with increasing 
temperature, is observed. [The mass] is held for 30 min at 104-110° C with weak re- 
flux, and heating is turned off. Some 1.5-2 ml of solvent is collected from the trap, 
and 77.5 g of 27.5% hydrochloric acid is extracted from the gas-absorption system. 

The acid contains no phosphorus. Some 100 ml of heptane is added to the 
reaction mass, [the product] is cooled, and crystallization is observed when a tem- 
perature of 30-36° C is reached. 
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The suspension is cooled to -10° C, the crystals are filtered off, washed with 
50 ml of chilled heptane, and dried to constant weight. What is obtained is 114 g of 
chlorophosphite (93.8%) with a melting point of 160-162° C. 

Found (%): P 7.54, CI 8.75. 

C23H30CIO2P. 

Calculated (%): P 7.66, CI 8.77. 

The source is steamed in a rotary evaporator to 125°C/10 mm. The product 
is 7 g of crystals with T meh = 150 ° C. Content (%): CI 8.55, P 7.8. After re- 
crystallization from heptane, the melting point is 156° C. The ultimate yield is 98%. 

Example 2. Some 0.405 g of 2,2-methylenebis-(4-methyl-6-tert-butylphenyl)- 
chlorophosphite and 0.101 g of triethylamine are added to the reactor of an appa- 
ratus as in Example 1; then 100 ml of heptane is poured in, [the product] is mixed 
for 1-3 min, and 102.2 g (0.3 mol) of 2,2-methylenebis-(4-methyl-€-tert-butylphenol) 
and 43.5 g (0.316 mol) of phosphorus trichloride are added to the resultant 2,2'- 
methylenebis(4-methyH5-tert-butylphenyl). Then one proceeds as indicated in 
Example 1, and 114.2 g (94%) of chlorophosphite is obtained; with consideration for 
its precipitation from the mother liquor, the ultimate yield is 98%, [and the prod- 
uct's] melting point is 160—162° C. 

Example 3. 2,2 / -thiobis-(4-methyl-6-tert-butylphenyl)chlorophosphite 

A suspension of a mixture of 107.6 g (0.3 mol) of 2,2'-thiobis-(4-methyH)- 
tert-butylphenol), 0.3 g of tetraethylammonium bromide, 43.5 g (0.316 mol) of phos- 
phorus trichloride, and 100 ml of heptane is treated as indicated in Example 1, to 
precipitate 123 g (an ultimate yield of 96%) of white crystalline powder with a 
melting point of 168-170° C. 

Found (%): P 7.32, S 7.53, CI 8.36. 

C 2 2H 28 C10 2 PS. 



• • 

Calculated (%): P 7.32, S 7.56, CI 8.37. 

Example 4. Some 0.15 ml of triethylamine and 100 ml of heptane are added 
to a reactor containing residues of chlorophosphite obtained as in Example 3. Then 
the other components for synthesis are successively added in the quantities indicated 
in Example 3, the reaction mass is treated as in Example 1, and chlorophosphite 
with a yield of 95-96% and a melting point of 168-170° C is precipitated. 

Example 5. 2,2 / -thiobis-(4-tert-butyl-6-o-methylbenzylphenyl)- 
chlorophosphite. 

A suspension of 107.7 g (0.2 mol) of 2,2-thiobis-(4-tert-butyl-6-o-methylben- 
zylphenol), 0.2 g of benzyltriethyl ammonium chloride, and 28.3 g (0.206 mol) of 
phosphorus trichloride in 100 ml of heptane is heated to 125 °C under the conditions 
of Example 1, is held for 15 min, and is decanted into the flask of a rotary evapora- 
tor from the precipitate of the catalyst. The solvent is steamed to 150° C. What is 
obtained is 120 g of pale-yellow transparent vitreous fusion cake which grinds down 
in a mortar to a colorless powder with a melting point of 65° C. The yield is 100%. 

Found (%): P 5.12, S 5.25, CI 5.82. 

C36H40CIO2PS. 

Calculated (%): P 5.14, S 5.3, CI 5.85. 

Example 6. 2,2 / -methylenebis-(4-methyl-6-o-methylcyclohexylphenyl)chloro- 
phosphite. 

To 84.13 g (0.2 mol) of 2,2-methylenebis-(4-methyl-6-o-methylcyclohexyl phe- 
nol) in 130 ml of <H)ctane l are added 0.4 g of triethylbenzyl ammonium chloride and 
30.25 g (0.22 mol) of phosphorus trichloride. 



translator's note: the prefix to "octane" is unclear in the text. An V 1 appears to have 
been entered above the hyphen by hand; the character to the left of the hyphen also 
appears hand-drawn. 
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The reaction mass is heated to 125* C under the conditions of Example 1, 
held for 30 min at this temperature, and cooled to 80-100° . Some 50 ml of octane is 
added, and [the product] is cooled to -150° C. After the solvent is stripped out of 
the mother liquor to 150° C/5 mm, 14 g of fusion cake is obtained, from which 7 g of 
a crystalline powder with a melting point of 140° C and a chlorine content of 7.32 % 
additionally is precipitated. The ultimate yield is 93%. 

Found (%): P 6.40, CI 7.32. 

C29H38CIO2P. 

Calculated (%): P 6.38, CI 7.32. 

Claims 

A method of producing cyclic aryl chlorophosphites having the general 
formula 

ct 

t 

p 



where R is a methyl or tert butyl, Ri is a tert butyl, o-methylcyclohexyl, or a- 
methylbenzyl, and X is methylene or sulfur by reacting bisphenol with phosphorus 
trichloride in a medium of organic solvent at elevated temperature, the method 
being distinctive in that in order to reduce the duration of the process, it is carried 
out at 100-125° C in the presence of a salt of a quaternary ammonium base taken in 
a quantity of 0.2—0.5% of the weight of the bisphenol. 

Information Sources Taken Into Account in the Expert Examination 

1. US Patent No. 3,297,631, classification 260^5.95, published 1965. 

2. Soviet Authorship Certificate under Application No. 2,707,805, classification C 07 F 9/ 
January 4, 1979 (the prior art). 
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